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Rates of drug abuse are higher among divorced individuals than among those who are married, but it is not clear whether divorce itself is a risk factor for drug abuse or whether the observed association is confounded by other factors. We examined the association between divorce and onset of drug abuse in a population-based Swedish cohort born during [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] (n = 651,092) using Cox proportional hazards methods, with marital status as a time-varying covariate. Potential confounders (e.g., demographics, adolescent deviance, and family history of drug abuse) were included as covariates. Parallel analyses were conducted for widowhood and drug-abuse onset. In models with adjustments, divorce was associated with a substantial increase in risk of drug-abuse onset in both sexes (hazard ratios > 5). Co-relative analyses (among biological relatives) were consistent with a partially causal role of divorce on drug-abuse onset. Widowhood also increased risk of drug-abuse onset, although to a lesser extent. Divorce is a potent risk factor for onset of drug abuse, even after adjusting for deviant behavior in adolescence and family history of drug abuse. The somewhat less-pronounced association with widowhood, particularly among men, suggests that the magnitude of association between divorce and drug abuse may not be generalizable to the end of a relationship. addiction; divorce; drug abuse; family history; widowhood Abbreviations: CI, confidence interval; DA, drug abuse; HR, hazard ratio.
Drug abuse (DA) is more common among individuals who are divorced, separated, or widowed (1) (2) (3) (4) . Previous research has suggested a protective effect of marriage with respect to substance use and abuse (5) (6) (7) (8) , but fewer studies have explored the associations with divorce. Because many large studies are limited to cross-sectional data, it is unclear whether divorce increases the risk for onset of DA or vice versa. Given the consequences of DA with respect to physical and mental health (9) and economic burden (10) , it is critical that the various pathways to abuse be clarified to improve efforts at risk reduction.
While divorce has been associated with alcohol problems and other manifestations of subsequent psychopathology (11, 12) a parallel study of illicit drug problems has not, to our knowledge, been conducted. One study of the relationship between divorce and alcohol abuse in a population-based UK sample found that divorce was associated with higher scores on the CAGE alcohol screening instrument even after controlling for other key variables (13) . A study of the Swedish population found that risk of onset of alcohol-use disorder remained elevated after divorce when accounting for demographic and other risk factors, including family history (14) . In both studies, the potential causal role of divorce could not be excluded. Given the stress experienced after divorce and the role of stress in DA onset (15, 16) , divorce may similarly affect the risk of DA.
Critically, DA risk is multifactorial. Twin studies demonstrate that genetic factors contribute substantially, with twin-and family-based heritability estimates of 0.2-0.8 across substances (17) (18) (19) (20) ; environmental factors such as childhood adversity (21) and adolescent peer deviance (22) also play a role. While the age of onset of drug use is typically in late adolescence or young adulthood (23, 24) , the increased rate of abuse among divorcées and widowed persons raises the possibility that environmental factors occurring in adulthood may also be influential. In considering the potential causal effect of divorce, it is important to account for the influence of genetic/biological factors, which may jointly affect risk for both DA and divorce. Indeed, prior studies have demonstrated a genetic correlation between divorce and alcohol-use disorder (25) .
Prior studies provide evidence of assortative mating for substance use (26) (27) (28) , and partner substance use has been implicated as a risk factor for one's own substance use (29) . Spousal substance abuse has been identified as a contributor to marital dissolution (30) . Other evidence suggests that divorce, although stressful, may have a positive impact: Depressive symptoms increase less among those who end an unsatisfactory marriage (31) , and after-divorce adjustment is modestly higher when the divorce is due to the spouse (rather than to oneself) (30) . Combined, these findings suggest a complicated relationship between substance use and marriage/divorce. Few quantitative analyses have explored the role of substance use by a former spouse with respect to future DA risk: Might ending a relationship with a drug-abusing spouse reduce risk for the nonabusing partner? Clarification of previously observed associations may improve our understanding of differential risk.
In the present study, we used survival analyses and allowed for marital status as a time-dependent covariate to investigate the association between divorce and subsequent DA onset in a population-based Swedish cohort (n = 651,092). Our research questions were as follows: 1) Is risk of DA onset increased among those who divorce relative to those who remain married? 2) Does observed risk of divorce remain after controlling for demographics, family history of DA, early-onset deviance, and spousal deviance? 3) Does divorcing a deviant spouse mitigate risk conferred by divorce itself? 4) Is the association with divorce potentially causal, or might familial confounding contribute to the association? And 5) are associations with widowhood comparable to those of divorce?
METHODS

Sample
We linked nationwide Swedish registers, described below, using unique identification numbers assigned at birth or immigration, in this case replaced with serial numbers to retain anonymity, to all Swedish residents. Only Swedish-born residents were included in the present analyses. The present analyses used data from individuals born between 1965 and 1975, a time frame that maximized the availability of information across registries and allowed a meaningful length of observation during and after marriage.
We Register, containing data on outpatient diagnoses from 2001 to 2013; the Swedish Crime Register, which contains complete national data an all lower-court convictions from 1973 to 2012; the Swedish Suspicion Register, which includes complete data on individuals strongly suspected of crime from 1998 to 2012. The study was approved by the ethics committee in Lund, Sweden; subject consent was waived.
Measures
Outcome variables. Our primary outcome variable was a DA registration. This could be obtained through the crime or suspicion registries via a drug-related arrest or conviction or through the medical registries based on a primary or secondary diagnosis related to DA. International Classification of Diseases codes and crime registration codes related to drug use have been previously described (32) . Although cultural differences exist, registrations derived from these sources can be considered comparable to medical and criminal issues related to DA in the United States.
Independent variables. The predictor of interest was first divorce. This was ascertained through the Total Population Register, which includes timing of marriage, divorce, and widowhood. We included birth year and parental education, operationalized as the highest level of education attained by either parent and categorized into 3 levels (in years of schooling: low, ≤9; mid, 10-11; high, ≥12), as covariates in all analyses. We further controlled for early-onset (prior to age 18 years) externalizing behavior, defined here as a criminal conviction for serious infractions (for example, arson, assault, fraud; described in detail in Kendler et al. (33)) or registration for alcohol-use disorder ascertained through medical, criminal, and pharmacy records (33) . Family history of DA in biological parents and siblings was included as a binary variable. Finally, a spousal lifetime history of deviant behavior was determined based on registrations for DA, alcohol use disorder, or criminal behavior (as above).
Secondary analyses examined the association between first widowhood and DA registration to assess whether results observed for divorce generalized to an independent form of the loss of a spouse. These analyses were conducted in parallel fashion to the primary divorce analyses.
Statistical methods
We used Cox proportional hazards methods to estimate the increased risk of onset of DA as a function of divorce compared with during marriage, with divorce included in the model as a time-dependent covariate. We limited our analyses to first divorce. The outcome variable was time to onset of DA, and we censored at death, migration, end of divorced period (i.e., if an individual remarried), or end of follow-up (2011). Individuals with a previous DA registration were also censored because the outcome of interest was DA onset.
We first assessed the role of divorce controlling for only demographic variables (birth year and parental education; model 1). In model 2, we introduced family history of DA and earlyonset externalizing behavior. We then added spousal externalizing behavior, examining both the main (model 3a) and the interaction associations with divorce (model 3b). This interaction tests whether divorcing a spouse with a history of drug or alcohol abuse or criminal behavior mitigates the negative association with divorce itself. All models were fitted using SAS, version 9.4 (SAS Institute, Inc., Cary, North Carolina).
Co-relative analysis. We used a co-relative design using same-sex cousin, half-sibling, and full-sibling pairs. Informative monozygotic twin pairs meeting our criteria were too rare for inclusion. If the relationship between a putative risk factor and an outcome is noncausal and instead due to shared genetic liability, the observed hazard ratio of the risk factor will diminish with increasing genetic correlation within relative pairs (34) . We identified unique combinations of pairs and used conditional Cox regression, where each pair is treated as a stratum, meaning the associations of the covariates are estimated within each pair, thereby controlling for confounding factors shared within that pair. Because of the low numbers of informative pairs, additional confounders were not included in these analyses. Neither member of the pair had a previous abuse registration. Divorce was included as a time-dependent covariate; either one member of the pair met our criteria for divorce over the follow-up period and one did not, or they were divorced at different ages. Sexes were combined in these analyses.
RESULTS
Descriptive statistics
Descriptive data is provided in Table 1 . The sample meeting our inclusion criteria consisted of 651,092 individuals (51.82% female). Of these, the first marriage ended in divorce for 145,809 individuals (22.39%). Among individuals still in their first marriage, the rate of DA was 0.38% (n = 2,452), while among divorced individuals it was 1.66% (n = 2,416), resulting in an initial hazard ratio of 7.31 (95% confidence interval (CI): 6.91, 7.74).
Sex differences
We first assessed whether the association between divorce and subsequent DA registration differed as a function of sex by estimating a term for the divorce × sex interaction. The hazard ratio for the women was estimated at 0.87 (95% CI: 0.77, 0.97) that of men, indicating that the risk associated with divorce was significantly worse for men. Accordingly, subsequent models were stratified by sex. Figures 1 and 2 depict the increased risk of DA onset as a function of marital status among women and men, respectively.
Findings in women
Results for women are presented in Table 2 . Model 1 demonstrated that baseline risk (accounting only for demographic factors) of DA onset attributable to divorce is substantial (hazard ratio (HR) = 6.80). In model 2, this is mitigated 16% by controlling for early-onset deviant behavior and a family history of DA. The association is further reduced by accounting for marriage to a deviant spouse (model 3a) to hazard ratio = 5.17 (a 9% reduction); spousal deviance itself increased risk nearly 2-fold. Finally, we introduced an interaction term (model 3b) to test whether hazard ratios differed depending on whether the former spouse had a history of deviant behavior. The resulting estimate was significantly lower than 1, indicating that divorce from a deviant spouse was less risky, with respect to DA onset, than divorce from a nondeviant spouse. The hazard ratios for divorce from a nondeviant spouse versus a deviant spouse were 6.56 (95% CI: 5.90, 7.30) and 3.54 (95% CI: 3.10, 4.04), respectively. 
Findings in men
Controlling only for demographic factors, the hazard ratio for divorce was higher for men than for women (HR = 8.29; Table 3 , model 1). This estimate was reduced by 23% by controlling for deviant behavior prior to age 18 years and family history of DA (model 2). Further controlling for a deviant former spouse reduced the hazard ratio to 5.69 (an 11% reduction, model 3a). The hazard ratio estimate of spousal deviance was higher for men than for women (HR = 2.58 vs. 1.98). We tested whether divorce-based hazard ratios differed as a function of a wife's history of deviant behavior, and we found that they did (model 3b): The hazard ratio for divorce from a nondeviant spouse was 7.38 (95% CI: 6.73, 8.10) and from a deviant spouse only 2.64 (95% CI: 2.26, 3.08).
Proportionality assumption
To address whether the risk of divorce on DA onset is consistent across age at divorce, we conducted a post-hoc test adding a term for the divorce × age interaction to model 3. Hazard ratio estimates were 0.95 (95% CI: 0.93, 0.96) per year for women and 0.97 (95% CI: 0.96, 0.99) per year for men, indicating that the association with divorce was stronger at younger ages than at older ages ( Figure 3 ).
Co-relative analyses
We identified pairs of cousins, half-siblings, and full siblings, to test whether the risk of divorce was reduced with increasing genetic similarity. Familial confounding factors contributing to risk for both divorce and DA are increasingly accounted for at higher degrees of genetic relatedness. Hazard ratios were consistent across groups (for cousins, HR 
Associations with widowhood
Tables 4 and 5 present findings for the associations between widowhood and DA onset for women and men, respectively. Though the sex × widowhood interaction term was not significant (HR = 0.695, 95% CI: 0.307, 1.575), we elected to conduct analyses separately according to sex to more closely parallel the analyses of divorce. For both women and men, the association between widowhood, controlling only for demographic factors, and subsequent DA onset was lower than that of divorce (HR = 5.27 among women and HR = 4.22 among men). This risk was attenuated when further controlling for early-onset deviant behavior, family history of DA, and spousal deviance, with final hazard ratios of 4.47 (for women) and 3.04 (for men). Notably, the hazard ratio of widowhood was only 53% of that for divorce among men, while for women the corresponding figure is 86%. However, in a post-hoc test directly contrasting the associations with divorce versus widowhood, these differences were not statistically significant in either women (HR = 1.33, 95% CI: 0.73, 2.41) or men (HR = 1.86, 95% CI: 0.83, 4.15), likely due to the imprecision of the widowhood estimates.
DISCUSSION
In this study, we examined the association between divorce status and onset of DA in the Swedish population. Our analyses accounted for early-onset deviant behavior, family history of DA, and other important covariates. Although the association of divorce was mediated by these variables, results indicated that divorce is a potent risk factor, with adjusted hazard ratios greater than 5 for both women and men. Co-relative analyses suggested that divorce may causally affect risk: Potentially confounding familial factors did not completely account for the observed association. Furthermore, the association with divorce was somewhat stronger than the association with widowhood, suggesting that while the end of a marriage in general can be pathogenic, divorce is particularly salient.
Accounting for an individual's propensity toward deviant behavior by controlling for early-onset deviance and family e Parental education was categorized according to years of schooling: low, ≤9; mid, 10-11; high, ≥12. history mitigated the role of divorce substantially. This suggests that, among individuals inclined toward deviance, the association between divorce and abuse is due in part to shared liability. Indeed, as demonstrated by Salvatore et al. (25) , divorce and alcohol-use disorder are genetically and environmentally correlated (rG = 0.52-0.76; rE = 0.27-0.32) in the Swedish population; a similar relationship may exist for divorce and DA. However, the association with divorce was e Parental education was categorized according to years of schooling: low, ≤9; mid, 10-11; high, ≥12. not entirely diminished in these models, indicating that the relationship may due to both shared liability and causality. The potential causal role of divorce was further bolstered by co-relative analyses. If the association between divorce and DA were due entirely to shared genetic factors influencing both, we would expect the observed hazard ratio to decrease with increasing genetic relatedness in these analyses. However, hazard ratio estimates remained quite consistent across relatives (all between 4.8 and 4.9), suggesting that the association with divorce is robust to potentially confounding familial factors. These results differ somewhat from those observed for the association between divorce and alcohol problems: A similar study (14) reported a substantial decline in hazard ratio between cousins and full siblings in co-relative analyses, suggesting a more prominent, although not entirely explanatory, role of familial confounding. Divorce is a stressful life event that can lead to depression (35) and may contribute to self-medicating behavior such as substance use or misuse (36) . Substance use may manifest when there is no longer a spouse who helps control potentially deviant behavior. However, in the absence of appropriate data, hypotheses regarding the mechanisms underlying a causal pathway from divorce to DA would be speculative.
We explored the role of spousal deviance in part to account for potential assortative mating for substance use or other externalizing behaviors (26-28, 37, 38) . Some evidence suggests that substance-use outcomes are poorer among concordant couples (38) , which is not entirely consistent with the notion that marriage is protective against psychopathology; the implications for divorce have not previously been explored. Thus, our analysis of the interaction between spousal deviance and divorce provides novel insight to the complicated nature of DA risk factors. Divorce from a deviant spouse was not actually protective against DA onset; however, its reduced association relative to divorce from a nondeviant spouse demonstrates that the removal of one risk factor (a deviant spouse) can mitigate the association with another (divorce). These results provide support for heterogeneity of the role of divorce (31) and merit further consideration in studies designed to dissect these relationships.
Our analyses of widowhood provide important context for the divorce findings. While DA potentially leads to divorce (30) , even if the level of use has not led to a drug-related registration, it is less likely that DA would lead to widowhood. Thus, testing associations with widowhood enabled us to explore whether another form of spousal loss, one with fewer confounders, is similarly associated with abuse onset. We confirmed that the end of a marriage increases risk for DA onset generally; critically, however, the estimate for widowhood is markedly lower than that of divorce, particularly among men. The difference was not statistically significant, but if it is indicative of a true discrepancy, this result suggests that women may be sensitive to loss of a spouse overall, while men's response is more dependent on the nature of the loss. Explanations for this discrepancy are unclear: Prior studies about gender differences in the associations with divorce are inconsistent (39) , although some evidence suggests that men are more likely to experience first onset of major depression in the wake of a divorce (40) , have higher rates of overall morbidity (41) , and adjust to divorce more poorly than women (42) . Differences between men and women in post-divorce changes in social networks have been observed (43) that, if not paralleled among widowed persons, may contribute to poorer abuse-related outcomes among divorced men. Although additional research is necessary to elucidate these observations, the present study suggests that divorce is a more salient risk factor for DA onset than widowhood.
We note several limitations to the present study. First, we relied on registry-based data rather than on self-report. While this minimizes the risk of recall bias and subjectivity, it might represent a high threshold for DA and fail to capture problems that are undetected by medical professionals or through criminal registers. However, the rate of abuse observed using Swedish registry data is comparable to that in Norway (44) , suggesting that no substantial bias is present. The registry data does not detect subthreshold substance problems prior to a divorce, which might contribute to the end of a marriage (45) , nor does it detect problems within a marriage that might play a role in risk of DA onset prior to divorce. Being observational, registry data also preclude completely blinded conditions. Furthermore, relevant confounders not captured by registry data cannot be considered in our analyses.
Second, the DA registries are qualitatively different, representing criminal versus medical outcomes. While the correlation across registries was high (r = 0.78), it is possible that the relationship with divorce differs across crime and medical outcomes. Post-hoc sensitivity analyses indicated that divorce-based hazard ratios were higher for crime-related DA registrations, which are less common than medical-related registrations; the difference was more pronounced among women. These findings suggest that divorce may be related to the context in which individuals use substances, or may generally be associated with lifestyle in ways that correspond to different manifestations (and thus consequences) of substance use. Such questions are beyond the scope of these analyses; studies in which more personal data are available may be better suited to explore the mechanisms underlying these differences.
Third, the present analyses were restricted to the cohort born during [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] . The selection of this cohort was due to the availability of data across registries, along with considerations of the average age at marriage, length of marriage, and postdivorce length of observation. Including younger and/or older cohorts might have changed results, but any changes would be based on less complete data. Results might also not be generalizable to other countries or cultures, although the lifetime rate of divorce in Sweden is comparable to that in the United States (46) . Finally, our tests of the proportionality assumption suggested that younger divorcées are at higher risk for DA onset, which we are unable to further dissect due to limited registry data for older and younger cohorts.
Despite these limitations, these analyses demonstrate a robust association between divorce and DA onset, which likely is attributable to both causal and noncausal mechanisms. While other explanatory variables, including family history of DA and spousal deviance, play a role, the end of a marriage through divorce or death can have significant public health consequences. Prevention efforts, typically targeted toward adolescents and young adults, may be additionally effective when inclusive of adults whose marriage has ended.
